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Susceptibility  of  a  class  of  bipolar  RF  power  transistors- (known  as  stripline- 
opposed  emitter  (SOE)  devices)  to  electrical  overstressing  (EOS)  is  studied. 

By  virtue  of  having  unique  packaging  compatible  for  RF/stripline  applications, 
SOE  devices  pose  prominent/extended  exteriors  for  static  propensity  and 
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charged-device  modeling.  As  such,  contrary  to  the  popular  notion  that 
rugged  bipolar  devices  are  not  excessively  prone  to  ESD-based  detrimental 
effects,  SOE  transistors,  on  the  other  hand,  are  severely  vulnerable  to 
EOS  threats.  It  is  not  just  the  Wunsch-Bell  limit  of  catastrophy  due  to 
PN  ‘junction  burnout  (under  high-level  zaps)  that  dictates  the  damages  in  the 
dev-ices  like  SOE  transistors.  The  entire  device  configuration,  namely, 
active  junction,  metallization,  bonding,  etc.,  as  well  as  the  external 
packaging,  decide  the  device  lethality.  This  is  demonstrated  by  experimental 
studies  on  a  family  of  SOE  devices  by  subjecting  them  to  ESD  zaps  using 
a  Human  Body  Simulator.  The  results  positively  indicate  that  their 
vulnerability  is  in  excess  of  Class  II  limit  specified  by  DOD-HDBK-263  and 
require  specific  handling  precautions,  lest  they  would  pose  quality  control 
and/or  field  failure  problems.  Especially,  considering  these  devices  being 
extremely  costly,  specific  ESD  control  efforts  are  rather  imminent. 
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ABSTRACT 


Susceptibility  of  a  class  of  bipolar  RP  power  transistors  (known  as 
strlpline-opposed  emitter  (SOE)  devices)  to  electrical  overstressing  (EOS) 
is  studied.  By  virtue  of  having  unique  packaging  compatible  for 
RF/stripline  applications,  SOE  devices  pose  prominent/extended  exteriors  for 
static  propensity  and  hence  are  critically  vulnerable  to  damages/degradation 
as  predictable  by  the  charged-device  modeling.  As  such,  contrary  to  the 
popular  notion  that  rugged  bipolar  devices  are  not  excessively  prone  to  ESD- 
based  detrimental  effects,  SOE  transistors,  on  the  other  hand,  are  severely 
vulnerable  to  EOS  threats.  It  is  not  Just  the  Uunsch-Bell  limit  of 
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catastrophy  due  to  PN  junction  burnout  (under  high-level  zaps)  that  dicates 


the  damages  in  the  devices  like  SOE  transistors.  The  entire  device 
configuration,  namely,  active  junction,  metallization,  bonding,  etc.,  as 
well  as  the  external  packaging,  decide  the  device  lethality.  This  is 
demonstrated  by  experimental  studies  on  a  family  of  SOE  devices  by 
subjecting  them  to  ESD  zaps  using  a  Human  Body  Simulator.  The  results 
positively  indicate  that  their  vulnerability  is  in  excess  of  Class  II  limit 
specified  by  DOD-HDBK.-263  and  require  specific  handling  precautions,  lest 
they  would  pose  quality  control  and/or  field  failure  problems.  Especially, 
considering  these  devices  being  extremely  costly,  specific  ESD  control 
efforts  are  rather  imminent. 


INTRODUCTION 

This  work  addresses  the  proneness  to  ESD/EOS  of  certain  bipolar  devices 
used  in  RF  power  amplification,  commonly  known  as  stripline-opposed  emitter 
(SOE)  transistors.  These  devices  have  characteristic  packagings  as  depicted 
in  Fig.  1.  They  are  silicon  transistors  designed  for  high  efficiency,  high 
linearity  Class  A-power  amplification  at  UHF  bands  [1J. 

The  primary  electrical  advantage  of  the  SOE  packages  are  the  low 
inductance  stripline  leads  which  interface  very  well  with  the 
microstriplines  often  used  in  UHF/VHF  equipment  and  the  good  collector  to 
base  isolation  provided  by  the  two  emitter  leads.  The  two-emitter  concept 
promotes  symmetry  in  board  layout  when  combining  devices  to  obtain  higher 


Vhile  the  aforesaid  characteristics  allow  popular  use  of  the  SOE 


devices  for  the  purpose  of  RF  power  amplification,  there  is  no  available 
data  regarding  their  performance  under  electrostatic  discharge 
(ESD)/electrical  overstressing  (EOS)  environment.  Like  any  bipolar  device, 
per  DOD-HDBK-263,  these  devices  may,  in  general,  fall  under  Class  II 
category  [2]  of  components  in  respect  of  their  ESD/EOS  proneness.  However, 
this  generalization  needs  to  be  verified  because  the  peculiar  package- 
geometry  pose  a  prominent/extended  cross-section  of  exposure  to  the  static 
environment.  As  such,  the  severity  of  ESD  damage  in  such  bipolar  devices 
would  be  reduced  not  only  by  the  Vunsch-Bell  limits  of  catastrophy  [3]  at 
the  PN  junction  [4],  but  also  by  the  static  propensity  and  parasitic  (shunt) 
paths  of  static-discharge  associated  with  the  device  package.  Further,  the 
inherent  capacitive  and/or  inductive  reactance  of  the  device-exterior  will 
profusely  influence  the  static  discharge  characteristics  and  hence  the 
relevant  ESD-based  stressings  on  the  device. 


Thus  the  present  work  will  decide  whether  SOE  packaged  bipolar  devices 
be  classified  under  general  Class  II  type  of  ESD-prone  components  as  listed 
in  the  DOD-HDBK-263.  Relevant  effort  will  also  explicitly  determine  the 
effect  of  performance-based  packaging  on  the  device  vulnerability  to 
ESD/EOS. 


In  SOE  devices,  the  junctions  are  designed  enough  to  carry  a  sustained 
current  flov  of  about  1  ampere,  compatible  for  high  power  applications. 
Therefore,  the  possibility  of  total  junction  burnout  (Vunsch-Bell  limit)  by 
ESD  zaps  may  not  be  anticipated.  However,  considering  the  total  device 
geometry  (with  its  constricted  regions,  bond/metallization  regions,  etc.), 
vulnerability  of  the  device  to  ESD-based  damages  cannot  be  ruled  out, 
especially  due  to  the  presence  of  high  static  propensive  exterior 
(packaging).  Hence,  the  present  investigations  are  done  on  the  devices 
subjecting  them  to  simulated  ESD  zaps  to  evaluate  their  proneness  to  EOS 
damages . 


EXPERIMENTAL  STUDIES 

The  test  transistors  considered  are:  ENI  10A,  ENI  14B  and  ENI  2240. 
These  devices  form  a  class  of  bipolar  active  elements  intended  for 
applications  with  high  performance  thermal  and  high  frequency 
characteristics.  They  have  typical  stripline  opposed  emitter  (SOE) 
packaging  designed  for  interfacing  with  microstriplines  and  for  good  thermal 
dissipative  capabilities. 

Prezap  Tests: 

The  static  characteristics,  as  well  as  the  transistor  gain  h^g,  were 
measured  prior  to  the  application  of  zaps.  The  unstressed  device 


-4- 


characteristics  indicate  that  for  a  given  type  of  transistor,  the  reverse- 
bias  leakage  current  varies  widely  from  piece- to-piece  at  ambient 
conditions.  The  reverse  breakdown  also  ranged  from  abrupt  to  smooth 
artifacts.  In  some  cases,  ohmic  short  across  base-emitter  (B-E)  junctions 
were  observed. 

The  prezap  test  results  are  presented  in  Tables  1  to  3  and  the  prezap 
test  is  labelled  as  'a'  in  the  test  sequence. 

Zap  Tests: 

The  zap  tests  were  performed  on  the  devices  using  an  ESD  human-body 
simulator  (Model:  IMCS2400).  This  equipment  simulates  the  transient 
discharge  characteristics  which  is  a  close  representation  of  the  ESD  event 
pertaining  to  the  static  discharge  from  a  human  body.  The  simulator  circuit 
(per  M1L-M-38150)  [2]  is  depicted  in  Fig.  2. 

Testing  methods  are  documented  [2j  in  DOD-HDBK-263,  Art.  6.2.  Normally 
ESD-based  part  failure  is  defined  as  the  inability  of  a  part  to  meet  the 
electrical  parameter  limits  of  the  part  specifications.  Any  measurable 
change  in  a  part  electrical  parameter  due  to  an  ESD  could  like  an  indication 
of  part  damage  and  susceptibili ty  to  further  degradation  and  subsequent 
failure  with  successive  ESD. 


Hence  using  the  standard  ESD  Simulator  (Model:  IMCS2400),  the  test 
devices  were  subjected  to  various  combinations  (in  terms  of  polarity, 
amplitude,  multiplicity,  etc.)  of  ESD  zaps.  (Prior  to  overstressing,  the 
devices  were  assessed  for  their  characteristics,  as  mentioned  earlier  under 
'Prezap  Tests' ) . 

The  characteristics  of  the  devices  after  each  mode  of  test  were 
measured  using  the  Semiconductor  Parameter  Analyzer  Model:  HP4145.  These 
results  are  presented  in  Tables  1-3.  The  sequence  "f  tests  conducted  after 
overstressing  are  referred  to  as  b,  c,  d,  e,  f,  and  g. 

Tables  1-3  provide  the  complete  compilation  of  test  data  and  summarize 
|  the  results.  The  recorded  characteristics  are  depicted  in  a  fev  sets  of 

figures  appended.  Each  set  of  figures  is  identified  by  the  device 
type/number,  the  sample  number,  and  the  test  sequence.  For  example, 

|  Pig-  A  l.b  denotes  the  characteristics  of  the  transistor  A  (ENI  10A),  sample 

number  1,  after  the  overstressing  sequence  of  'b,'  as  described  in  Table  1. 
Likewise,  B  refers  to  transistor  ENI  14B,  and  C  denotes  ENI  2240. 

OBSERVATIONS 

a.  The  tested  devices  are  prone  to  ESD-based  failures  and/or 
1  degradations. 

I 


-6- 


b.  Lov  level  zaps  cause  no  catastrophic  damages.  However,  the  devices 
are  susceptible  for  catastrophic  failures  at  high  zap  levels  which 


can  be  anticipated  at  low  humidity  situations. 

c.  The  degradation  is  cumulative  but  stabilizes  after  a  few  multiple 

zaps.  Up  to  20%  change  in  h  and  a  more  serious  variation  of  I„D_ 

r  fc  boU 

(leakage  current)  changing  in  excess  of  100%  were  observed. 

d.  Polarity  Dependence:  Zaps  of  alternating  polarities  appear  to 

influence  the  degradation  to  a  larger  extent.  (The  probabilities 
of  occurrence  of  positive  and  negative  zaps  can  be  anticipated  to 
be  the  same  in  practice.) 

e.  Multiple  single  polarity  zaps  of  larger  magnitude  do  not  cause  more 
harm  than  lov  intensity,  multiple  zaps  of  bidirectional  polarity. 

f.  Isolated  single  zaps  appear  to  cause  no  damage  (even  on  already 
wounded  devices). 

g.  Frequent  manual  handling  of  the  devices  with  the  possibilities  of 
applying  zaps  of  bidirectional  polarities  in  a  sequence,  would 
damage  them  to  a  maximum  extent. 


ESD  pulses  of  reverse  polarity  did  also  affect  the  low  current 
level  transistor  gain.  The  observation  can  be  explained  as 
follows : 

1.  When  a  reverse  biasing  ESD  pulse  is  applied  to  the  junction, 
most  of  the  power  dissipation  occurs  within  the  depletion 
layer  where  the  electric  field  intensity  is  maximum.  The 
temperature  rise  and  the  subsequent  crystal  damage  in  the  form 
of  increased  recombination/generation  centers  can  be 
anticipated  to  be  very  high  in  the  vicinity  of  the  junction. 
Therefore,  junction  leakage  current  which  is  predominately 
controlled  by  carriers  that  are  generated  within  the  depletion 
region  increases. 

2.  The  transistor  gain  at  nominal  current  levels  does  not  depend 
on  depletion  layer  parameters  and  therefore,  it  is  not 
sensitive  to  reverse  biasing  ESD  pulses. 

3.  The  reason  for  transistor  gain  being  lower  at  low  current 
densities  is  the  significant  loss  of  injected  carriers  by 
recombination  across  the  B-E  junction's  depletion  layer;  this 
parameter  drops  when  reverse  biasing  ESD  pulses  are  applied  to 
the  junction. 


curved  edges  of  the  junctions  are  the  most  vulnerable  regions 
in  reverse  bias;  the  reverse  breakdown  occurs  first  at  these 
edges  and  most  of  the  ESD  transient  current  flows  through  edge 
regions . 


The  rest  of  the  junction,  as  well  as  the  bulk  of  the  emitter 
and  the  base,  are  however,  much  less  affected.  As  the 
transistor  gain  at  nominal  current  depends  mainly  on  what 
occurs  in  these  regions,  this  parameter  is  not  very  sensitive 
to  ESD  pulses  of  reverse  polarity. 


5. 


The  transient  current  during  forward  biasing  due  to  ESD  zaps 
flows  through  the  entire  junction  area  and  degrades  the  bulk 


of  the  emitter  and  the  base,  thus  affecting  hfE  at  all  current 


levels . 


The  catastrophic  failures  observed  with  the  transistors  ENI  10A  and  ENI 
14B  are  due  to  the  (emitter)  contact  metallization  penetrating  into  silicon 
and  introducing  an  ohmic  low  resistance  path  across  the  B-E  junction.  This 
metal-silicon  alloy  spike(s)  penetrate  deep  into  the  base,  even  reaching  the 
base-collector  junction  depletion  layer,  thus,  severly  affecting  current- 
voltage  characteristics  at  this  junction. 


-10- 


'  ^  -  * 


*  .  \ 

l  *  M  d.  *  M  *  •*. 


Regarding  the  transistor  ENI  2240,  the  observed  latent  failures  were 
due  to  an  increased  vire/thin  film  and/or  thin  film  metallization/silicon 
contact  resistance.  Both  the  emitter  and  the  base  contacts  displayed  this 
sort  of  vulnerability  to  ESD  zaps.  The  contact  fatigue  increased  gradually 
with  repetitive  ESD  zaps,  resulting  in  an  undue  increase  in  contact 
resistance  values.  As  a  result,  larger  values  were  needed  to  pull  the 

transistor  out  of  saturation  (an  increasingly  larger  portion  of  the  applied 
VCE  dropped  at  the  contacts,  rather  than  appearing  across  the  internal  PN 

junctions).  The  excessive  Joule  heating  at  the  contacts  resulted  in  the 
penetration  of  the  thin  film  metallization  into  the  silicon.  Lov  resistance 
paths  were  found  across  the  B-E  and/or  B-C  junction  of  the  devices  that 
suffered  catastrophic  failures. 

DEVICE  HANDLING:  SUGGESTIONS 

1.  Inasmuch  as  the  test  devices  indicated  proneness  to  wounding  and/or 
catastrophic  failures  under  ESD  zaps,  proper  handling  procedure  is 
suggested . 

2.  Though  classified  as  Class  II,  the  test  devices  being  costly 
semiconductors  be  packaged,  transported  and  handled  with  necessary  care 
as  specified  in  DOD-HDBK-263 . 


3.  Part  Screening:  Some  of  the  devices  tested  exhibit  bypass  leakage 

characteristics  across  B-E  junction  (e.g.  ENI  10A)  prior  to  zapping. 
This  could  have  resulted  from  improper  handling  (?).  Another  test  piece 
having  normal  prezap  characteristics  was  zapped  (ESD-HBM  Test  Voltage 
16KV  peak,  multiple)  and  showed  similar  wounded  ohmic  characteristics. 
Therefore,  it  is  suggested  that  for  reliable  circuit  operation,  devices 
which  could  have  been  damaged  earlier  either  due  to  ESD  or  otherwise  may 
be  screened  out  via  simple  base-emitter  I-V  characteristic  tests 
enabling  the  rejections  of  damaged  pieces. 

4.  ENI  2240  shows  contact  and/or  metallization  based  vulnerability  to 
damages  under  EOS.  Test  results  indicate  contact  and/or  metallization 
resistance  increasing  cumulatively  with  number  of  zaps.  Hence,  it 
limits  the  1^  capability  of  the  device  to  a  significant  extent  and 

makes  it  unsuitable  for  large-signal  applications.  Both  emitter  and 
collector  pose  the  above  enhanced  con tac t /me  tall i za t ion  resistance 
problem.  In  this  point  of  view,  use  of  ENI  2240  may  be  carefully 
reviewed . 
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